A series of phase calculation equations for Y and Y' phases in nickel-
This study was performed to reconstruct our alloy design program using our own careful EPMA analysis on experimental and commercial alloy specimens having various compositions which were aged for long times at temperature.
Experimental
Specimens of 20 experimental and 10 commercial alloys, including CC, DS, and SC alloys, were heated at 1100 to 1175°C for 30 hrs after cold work so that Y/Y' two phase recrystallization occurred to form a coarse Y/Y' structure. The specimens were then slowly cooled from these temperatures to 900°C and aged for 1500 hrs in order to achieve the equilibrium state at 900°C followed by water quenching. smaller than that of the equation in our previous paper, the value being 0.98, the applicable composition range was found to be remarkably extended. Fig. 2 shows a good agreement between calculatedtby eq.1) and analyzed Al concentrations in the y' phase. The agreement holds in a wide range, from 23.4 at% (in Ni-Al binary alloy) to 6.5 at% (in highly solid solutioned multi-component alloy), whereas the previous equation derived from the data in literature [7, 81 tended to give significant amount of error when it was used in a composition range of Ni-Al binary and near to it.
In order to calculate the composition of y which is equilibrated to a y' on the y'hypersurface, partitioning ratios defined as Ri=Xi/Xi, where Xi is a concentration of i-th element iny phase, are needed. Those of Co, Cr, W, and Al could be well expressed by regression analysis on the 31 pairs of y and y'compositions, as functions of the y'composition, eqs. 2, 3, 4, and 5. The MCCs were 0.98, 0.92, 0.89, and 0.83, in order. They were increased by 0.07 to 0.13 compared with those in our previous workE21, except W, a and calculated partitioning ratios constant value having been used for it. Partitioning ratios of other elements were found to be well expressed as constants, R,,=3.93, RTi=0.18, RRb=O.jO, RTa=0.22, RHf=0.15, and RRe=10.6. loglO(RCo)= 0.52g-0.012-x~,-0.012&,-0.008~X;
loglO(RCr)= l.42g-o.00g.x~o-0.061.X;r-0.103.X~o
+0.085.x~b+0.077.
Fig . 3(a) shows a good agreement between analyzed and calculated (by eq. 2) partitioning ratios of Co; analyzed ones, distributed from 1.5 to 3, are perfectly expressed by the calculation. In case of W, as shown in Fig. 3(b) , the agreement is not as good as with Co, but the equation still expresses the partitioning behavior, the values being distributed from 1 to 2.5. Obviously, using these four equations together with the constant values, the error in phase calculation is expected to be minimized. This is in contrast to PHACOMP [lo] where using constant values for all the partitioning ratios to calculate the Y and Y' compositions could give a significant amount of error in the result. The Y/Y'equilibrium in Ni-Al-X ternary systems, X= Co, Cr, MO, W, Ti, Nb, Ta, and Hf, at 900°C, could be successfully calculated by the phase calculation equations. Fig.4 (a) shows the calculation for Ni-Al-Co ternary system. The Y+Y' region calculated was very consistent with phase diagrams at 800, 1000, and 12OOOC available from literature[lll.
In NiAl-W ternary system, the Y+y'region calculated and shown in Fig. 4 From all of these examinations, it was concluded that the Y/y' phase equilibrium at 900°C could be calculated by our phase calculation equations with a very high accuracy, for almost all the Y/y'two phase composition range, from Ni-Al binary to multi-component alloys. The MCC of the equation was 0.91 when the analysis was carried out using data from our experimental alloys which were cast, heat-treated, and tested in a unified condition.
When the data from 6 commercial or experimental alloys in literature were used together with ours, the MCC reduced to 0.84. This was probably because of the difference in heat treatment conditions, which will be taken into account in the equation.
It was remarked in both equations that the effect of the lattice misfit,as well as other factors,was found to be very large. 15.689 ******************************************~*********~**********~*****~*** TRY AGAIN ? < YES ( 
